EP0 943 611 B1 



J Europalsches Patentamt 
European Patent Office 

Office europeen des brevets EP 0 943 611 B1 




( 12 ) 

(45) 



EUROPEAN PATENT SPECIFICATION 



Date of publication and mention 
of the grant of the patent: 

19.06.2002 Bulletin 2002/25 



(51) Intci7: C07D 301/14, C07C 15/46, 
C07C 1/24, C07C 33/22 



(21) Application number: 98500071.0 

(22) Date of filing: 17.03.1998 



(54) Improved propylene oxide and styrene monomer co-production procedure 
Verbessertes Verfahren zur Hersteliung von Propylenoxid und Styren 
Proc§de amelior6 pour la preparation du propyl^noxide et du styrfene 



(84) 

(43) 



Designated Contracting States: 



(74) 



BE DE ES FR GB IT NL PT 



Date of publication of appiication: 

22.09.1999 Bulletin 1999/38 



Representative: Del Santo Abril, Natividad 
Oficina Garcia Cabrerizo, S.L., 

Vitruvio, 23 
28006 Madrid (ES) 



(73) Proprietor: REPSOL QUIMICA S.A. 
E-28046 Madrid (ES) 



(56) References cited: 

US-A- 4 400 558 US-A- 5 21 0 354 

US-A-5 276 235 



(72) 



Inventors: 

De Frutos Escrig, Ma Pilar 
28045 Madrid (ES) 

Delgado Oyague, Juan Antonio 
28036 Madrid (ES) 

Vic Fernandez, Ignacio 
28290 Las Matas (Madrid) (ES) 



* DATABASE WPI Week 9631 Derwent 
Publications Ltd., London, GB; AN 96306491 
XP002072957 & JP 08 133 995 A (SUMITOMO) , 
28 May 1996 



Note: Within nine months from the pubiication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed In 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 




1 



EP 0 943 611 B1 



2 



Description 

DESCRIPTION OF THE PRIOR ART 

[0001] U.s. patent No. 5.210,354 refers to an im- 
proved propylene oxide and styrene co-production pro- 
cedure. The improvement consists in revaluating heavy 
sodium-containing residual currents, obtained as a by- 
product. According to this procedure, the heavy sodium- 
containing residue is mixed with an aqueous acid, pref- 
erably sulfuric acid, in relatively mild conditions, e.g. 
20-100‘-C, preferably 40-90»C. The resulting mixture is 
separated in immiscible phases, one aqueous phase 
containing sodium and another organic phase having a 
limited sodium content. To the organic phase a compat- 
ible acid catalyst is added, such as p-toluenesulfonic ac- 
id, and the resulting mixture is cracked at high temper- 
ature to form 1-phenylethanol and styrene monomer, 
which products may be separated from the remaining 
heavy compounds through distillation. Temperatures of 
70 to 300“C, preferably 120 to 220‘>C, and pressures 
below the atmospheric pressure, such as 1 00-400 mm. 
Hg, appropriate for vaporizing the light compounds, are 
used for the cracking. The cracking products, 1-phe- 
nylethanol and styrene, entail an increased perform- 
ance of the styrene in the course of the process in view 
that 1-phenylethanol is a styrene precursor. Further- 
more, the heavy cracking products are useful as low so- 
diurh content fuels. In a most preferred variant of the 
process, after the acid treatment the organic phase is 
submitted to vacuum evaporation in a film evaporator 
designed to separate approximately 40% by weight of 
a fraction of volatile compounds. This top fraction may 
be taken directly to the dehydration section of commer- 
cial propylene/styrene oxide co-production processes 
where certain components of the light header fraction 
are transformed into styrene under the conditions nor- 
mally applied to 1-phenylethanol dehydration. The 
heavy film evaporator residues are used as revalued fu- 
el on account of their low sodium content. 

[0002] The acid is used in sufficient quantity to react 
with all the sodium present in the heavy residue. In the 
event that sulfuric acid is used, a sufficient amount of 
acid is applied to form sodium sulfate, i.e. less than 0,5 
moles of sulfuric acid for each atom gram of sodium arid 
preferably less than 1 mole of sulfuric acid for each atom 
gram of sodium to form sodium bisulfate. 

[0003] U.S. patent No. 5.276,235 refers to an im- 
provement to the procedure described in the preceding 
patent. A critical aspect in this innovation lies in that the 
acid used for reacting with the sodium present in the 
heavy residue is applied in a mole concentration corre- 
sponding to the salt concentration in the aqueous solu- 
tion produced above the solvency limit. Thus, the salt 
generated by the reaction forms a' suspension in the 
phase mixture which in turn maximizes density differ- 
ences between the phases, facilitates separation and 
reduces organic matter contamination in the aqueous 



to 



phase. 

[0004] The process described in the previous patents 
presents a disadvantage in that it produces relatively 
low styrene yields and generates high salt content aque- 
ous currents contaminated by organic compounds 
which require depuration, for example via biological de- 
grading. In addition, phase separation is problematic. 

DESCRIPTION OF THE INVENTION 



[0005] The present invention refers to an improved 
propylene oxide and styrene monomer co-production 
procedure. The improvement consists in obtaining ad- 
ditional amounts of styrene and recovering 2-phenyleth- 
anol from a heavy residual current containing metals 
mainly sodium, obtained in the form of a process by- 
product. According to the procedure that is the object of 
the invention, styrene yields are greater than those from 
prior art procedures; a fraction with a high 2-phenyleth- 
anol content, a compound used in the perfume industty, 
is simultaneously obtained; no highly metal salt and or- 
ganic compound contaminated waters are generated, 
and a non-volatile, substantially metal-free residue is 
obtained that may serve as an appropriate fuel. 

25 [0006] The known propylene oxide and styrene co- 
production process is described, for instance, in Span- 
ish patents No. 314.229. 314,231, 307,877. 320 168 
323,754, 331318, 334,098, 335,098, 343,579’ and 
365.624. In a first stage, ethyl benzene is made to react 
55 at high temperature with molecular oxygen in order to 
produce ethyl benzene hydroperoxide. The ethyl ben- 
zene hydroperoxide reacts with propylene to form pro- 
pylene oxide and 1 -phenylethanol. The mixture result- 
ing from the epoxydizing reaction is normally submitted 
35 to alkaline rinsing and to a series of distillations de- 
signed to separate the various components; , propylene 
oxide, non-reacted ethyl benzene and 1 -phenylethanol 
leaving a heavy residue with a low content of sodium 
and other metals. The 1-phenylethanol current is dehy- 
■fo drated through known procedures, such as the one us- 
ing p-toluenesulfonic acid as a catalyst for producing 
styrene monomer, as described, for example. In Japa- 
nese patent Kokai 801 9247. 

[0007] According to the present invention, the low-val- 
^5 ue sodium-containing heavy residue may be used di- 
rectly, without previous metal removal, particularly sodi- 
um, as raw material for the production of styrene - a frac- 
tion with a relatively high 2-phenylethanol content, 
which is a compound used in the perfume industry -, and 
30 a heavy residue with a low sodium content, used as fuel. 
[0008] According to the invention, the heavy residue 
containing sodium and other metals is dehydrated in the 
presence of a strong inorganic acid acting as a catalyst, 
at temperatures between approximately 150 and 250°C 
35 and pressures below the atmospheric pressure, prefer- 
ably 50-400 mm.Hg, simultaneously vaporizing the light 
compounds, mainly styrene formed in the reaction and 
2-phenylethanol; this organic distillation, representing 
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approximately 30 to 50% by weight of the heavy residue, 
is then fractionated by known methods, such as distilla- 
tion, in order to recover pure styrene and a fraction con- 
taining relatively high amounts of 2-phenylethanol. This 
fraction can be used as a raw material for producing per- 
fumery-degree 2-phenylethanol via known procedures. 
The residue of the non-volatile reaction is composed of 
heavy organic products, sodium salts and other inorgan- 
ic acid metals and traces of the excess mineral inorganic 
acid. The metal salts may be easily separated from the 
organic products, e.g. by filtering, yielding a non-volatile 
organic residue practically exempt of sodium and other 
metals that is appropriate for fuel purposes. 

[0009] Evidently, and according to the invention, the 
heavy residues from which most of the sodium and other 
metals have been removed by known procedures, such 
as treatment with aqueous acids and subsequent sep- 
aration in phases, may be used as a raw material. How- 
ever, this practice is normally not advisable in the con- 
text of the present invention because of the inconven- 
iences associated to the type of treatment in question. 
[0010] The strong inorganic acid used in treating the 
heavy residue containing sodium and other metals is 
preferably sulfuric acid. Other inorganic acids that may 
be used within the scope of the present Invention include 
phosphoric, pyrophosphoric, polyphosphoric and fluor- 
ophosphoric acids, In addition to V2O5 solutions in 
polyphosphoric acids, etc. Mixtures of the above inor- 
ganic acids may also be used. 

[0011] The strong inorganic acid must be used in an 
amount in excess of the stoichiometrical amount in order 
to allow it to react with ail the sodium and other metals 
present in the heavy residue. It must be used in an 
amount above 1 acid equivalent per atom gram of sodi- 
um and other metals. The excess above the stoichio- 
metrical amount is not critical. Normally, It is preferable 
to use the strong acid in a quantity high enough to pro- 
vide, after reacting with the sodium and other metals, a 
free acid concentration in the reaction medium in the or- 
der of 0.001 to 1% by weight. With the use of smaller 
quantities, reaction is relatively slow; on the other hand, 
the use of larger quantities provides no additional ad- 
vantage. 

Example 1 

[0012] The dehydration reaction of the heavy residue 
took place in a 50-liter glass reactor fitted with stirring 
means and connected at Its upper portion to a water- 
cooled condenser. Vacuum was obtained from a water 
pump providing a constant pressure of 220 mm.Hg. 30 
kg of heavy residues (1.0% by weight of sodium) and 
0.7 kg of 96% sulfuric acid were initially added. Vacuum 
was applied at 220 mm.Hg, and the mixture was slowly 
heated to 220®C. Subsequently, continuous feeding of 
the heavy residue (1 .0% by weight of sodium) and the 
96% sulfuric acid was initiated in flow volumes of 1 0 kg/ 
h and 0.23 kg/h, respectively, a non-volatile residue con- 



taining sodium sulfates and other metals being simulta- 
neously extracted from the bottom in an average flow of 
5.68 kg/h, and an organic distillate at an average flow 
of 4.32 kg/h being extracted from the top, comprising 
5 44.4% styrene, 12.9% 2-phenylethanol, 1.8% ace- 

tophenone and 0.7% 1 -phenylethanol, the balance con- 
taining mainly water and oxygenated compounds such 
as propylene oxide condensation products, ethers, etc. 
[0013] With the practical application of this invention, 
10 styrene production is increased in 2.09%; this. In a com- 
mercial production facility capable of producing 500.000 
tons of styrene per year, represents an added value of 
888 million pesetas at current styrene prices. 

15 Example 2 

[0014] The reaction was performed in an installation 
similar to the one described in Example 1 , save for the 
use of a 1 -liter capacity reactor. Reaction temperature 
20 was 1 93°C, pressure was 1 40 mm.Hg. 302 gr/h of heavy 
residues (1 .0% by weight of sodium) and 9.0 gr/h of 75% 
sulfuric acid were continuously added to the reactor. 
1 27.3 gr/h (42.2% by weight of the heavy residues fed) 
of organic distillate and 18.5 gr/h water were obtained 
25 from the top of the reactor, and a current of 1 65.2 gr/h 
of non-volatile residues (54.7% by weight of the heavy 
residues fed) was obtained from the bottom of the reac- 
tor. The organic distillates were composed of 66.2% sty- 
rene, 22.0% 2-phenylethanol, 2.2% acetophenone, 
30 1 ,8% 1 -phenylethanol and 7.8% by weight of different 
oxygenated products, including propylene oxide con- 
densation products, ether, etc. 

Comparative Example 2 
35 

[0015] Example 2 was repeated exactly under the 
same conditions save for the replacement of the strong 
inorganic acid flow according to the invention, namely 
9.0 gr/h, by a 21 .9 gr/h flow of p-toluenesulphonic acid, 
40 an organic acid normally recommended for 1 -phenyleth- 
anol dehydration. A yield was obtained amounting to 
49.8% by weight in respect to the amount of heavy res- 
idue being fed, the composition of which was: 0.6% sty- 
rene, 25% 2-phenylethanol, 2.2% acetophenone, 
45 1 8.0% 1 -phenylethanol and 54.2% by weight of different 
oxygenated products, including propylene oxide con- 
densation products, ether, etc. 

[001 6] This example illustrates the advantages of the 
heavy residue treatment according to the invention. 

50 

Example 3 

[0017] The organic distillate current obtained in Ex- 
ample 1 was fractionated by distillation to recover 
55 99.3%-rich styrene and a current containing 24.7% 
2-phenylethanol usable to advantage as raw material for 
the recovery of 2-phenylethanol, perfumery degree, ac- 
cording to known procedures. 
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Example 4 

[0018] The non-volatile residue containing sodium 
sulfates and other metals obtained In Example 1 were 
filtered at 80®C through a No. 4 porous glass plate, yield- s 

ing a filtered matter containing < 0.1% sulfate ash usa- 
ble as revalued fuel. 

[0019] The above examples Illustrate the Invention 
and impose no limitation on it. 



Claims 



due with a strong Inorganic acid are submitted to 
distillation to obtain pure styrene and a fraction with 
a relatively high 2-pheny!ethanol content. 

6. Procedure according to any of the claims 1 to 5, 
characteristic in that the non-volatile residues ob- 
tained by dehydrating the heavy residue containing 
sodium and other metals in the presence of a strong 
inorganic acid are submitted to filtering in order to 
separate the inorganic salts and obtain a residue 
substantially free of sodium and other metals that 
can adequately be used as fuel. 
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1. Improved propylene oxide and styrene monomer 
co-production procedure by oxidation of ethyl ben- is 
zene with molecular oxygen to yield ethyl benzene 
hydroperoxide, epoxydizing propylene with said hy- 
droperoxide to form propylene oxide and 1-phe- 
nylethanol, the epoxydizing product then being sub- 
mitted to alkaline rinsing and the separation, though 20 
distillation, of the propylene oxide, the excess ethyl 
benzene and the 1-phenylethanol, producing a 
heavy residue containing sodium and other metals 
as a result of the alkaline rinsing of one or more of 
the process currents, and dehydrating the 1-phe- 25 
nylethanol to styrene, the improvement being char- 
acterized by the dehydration of said heavy residue 
containing sodium and other metals in the presence 
of a strong inorganic acid as a catalyst, at temper- 
atures of 1 50-250°C and pressures below the at- 3 o 
mospheric pressure, using the strong inorganic acid 
in an amount exceeding the stoichiometric amount 
in respect to the sodium and other metals contained 
in the residue. 

35 

2. Procedure according to claim 1, characteristic in 
that the strong inorganic acid is sulfuric acid. 

3. Procedure according to any of the claims 1 and 2, 
characteristic in that the amount of strong Inorganic 40 
acid is higher than the one corresponding to the sto- 
ichiometric ratio In respect to sodium and the other 
metals present in the heavy residue, preferably se- 
lected in such a manner that, after reacting with the 
sodium and other metals present in the heavy res- 45 
idue, there remains an excess of free inorganic acid 
with a concentration in the order of 0.001 and 1% 

by weight. 

4. Procedure according to any of the claims 1 to 3, so 
characteristic in that the dehydration reaction of the 
heavy residue containing sodium and other metals 

in the presence of a strong inorganic acid is con- 
ducted at an absolute pressure of 50-400 mm.Hg. 

55 

5. Procedure according to any of the claims 1 to 4, 
characteristic in that the organic distillates obtained 
by dehydrating the sodium-containing heavy resl- 



Patentanspruche 

1 . Verbessertes Verfahren zur gemelnsamen Herstel- 
lung von Propylenoxid- und Styrolmonomeren 
durch das Oxidieren von Ethylbenzol mrt molekula- 
rem Sauerstoff zum Erhalt von Ethylbenzolhydro- 
peroxid, die Epoxidation von Propylen mit dem ge- 
nannten Hydroperoxid zur Blldung von Propylen- 
oxid und 1 -Phenylethanol, wobei das Epoxldations- 
produkt anschllessend elner alkalinen Spulung so- 
wie der Abdestillierung des Propylenoxids, des 
Ethylbenzoluberschusses und des 1-Phenyletha- 
nols unterzogen wird, wodurch ein dichter Ruck- 
stand erhalten wird, welcher Natrium und andere 
Metalle als Ergebnis der alkalinen Spulung elner 
Oder mehrerer Prozessstrom ungen enthalt, und die 
Entwasserung des 1-Phenylethanols zu Styrol, wo- 
bei sich die Verbesserung auszeichnet durch die 
Entwasserung des genannten dichten, Natrium und 
andere Metalle enthaltenden Ruckstands In Gegen- 
wart elner starken anorganischen Saure als Kata- 
lysator bei Temperaturen von 150-250°C und bei 
unterhalb des Luftdrucks gelegenen Dmcken, wo- 
bei die Starke anorganische Saure In einer uber der 
stochiometrlschen Menge in Bezugauf das Natrium 
und die anderen im Ruckstand enthaltenen Metalle 
liegenden Menge verwendet wird. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die Starke anorganische Saure 
Schwefelsaure 1st. 

3. Verfahren nach elnem der Anspruche 1 und 2, da- 
durch gekennzeichnet, dass die Menge der star- 
ken anorganischen Saure hoher als die dem 
stochiometrlschen Verhaltnis zum Natrium und den 
anderen im dichten Ruckstand vorhandenen Metal- 
le entsprechenden Menge 1st und bevorzugt derart 
gewahit wird, dass nach der Reaktion mIt dem Na- 
trium und den anderen im dichten Ruckstand vor- 
handen Metallen ein Uberschuss an freler anorga- 
nischer Saure in einer Konzentration im Bereich 
von 0,001 und 1 Gewichtsprozent verbleibt. 
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4. Verfahren nach elnem der Anspruche 1 bis 3, da- 
durch gekennzeichnet, dass die Entwasserungs- 
reaktion des dichten, Natrium und andere Metalle 
enthaltenden Ruckstands In Gegenwart einer star- 
ken anorganischen Saure bei einem absoluten s 
Druck von 50-400 mm.Hg durchgefuhrt wird. 

5. Verfahren nach einem der Anspruche 1 bis 4, da- 

durch gekennzeichnet, dass die durch die Ent- 
wasserung des dichten, Natrium enthaltenden io 
Ruckstands mit einer starken anorganischen Saure 
erhaltenen organischen Destillate einer Destination 
zum Erhalt reinen Styrols und einer Fraktion mit ei- 
nem relativ hohen Gehalt an 2-PhenyIethanoi un- 
terzogen warden. is 

6. Verfahren nach einem der Anspruche 1 bis 5, da- 
durch gekennzeichnet, dass die durch die Ent- 
wasserung des dichten, Natrium und andere Metai- 

le enthaltenden Ruckstands in Gegenwart einer 20 
starken anorganischen Saure ertiaitenen nicht 
fiuchtigen Ruckstande einer Filtration unterzogen 
werden, urn die anorganischen Salze abzutrennen ‘ 
und einen im wesentlichen von Natrium und ande- 
ren Metallen freien Ruckstand zu erhalten, der ad- 25 
aquat als Brennstoff verwendet werden kann. 



Revendications 

30 

1. Proc6d§ amelior6 de coproduction de monomeres 
d'oxyde de propylene et de styrene par le moyen 
de I'oxydation d'ethylbenzfene avec de I'oxygene 
molleculaire pour produire de I'hydroperoxyde 
d‘6thylbenzfene, I'^poxydation du propilfene avec le- 35 
dit hydroperoxyde pour former de I’oxyde de propy- 
lene et 1 -phenylethanol, le prodult de I'^poxydation 
etant soumis posterleurement k un ringage alcalin 

et k la separation, par le moyen de distillation, de 
I'oxyde de propylene, I'exces d'ethylbenzene et le 40 
1 -phenylethanol, en produisant un residu dense qui 
contient du sodium et d'autres metaux resultant du 
ringage alcalin d'un ou de plusieurs des courants 
du processus, et la deshydratatlon du 1 -phenyle- 
thanol k styrene, etant rameiioratalon caracterisee 45 
par la deshydratatlon dudit residu dense qui con- 
tient du sodium y d'autres metaux en presence d'un 
acide inorganique fort comme catalyse ur, k des 
temperatures de 150-250'’C et k des pressions au 
dessous de la pression atmospherique, en utllisant so 
Tacide inorganique fort en une quantite superieure 
k la quantite stoechiometrique par rapport au so- 
dium et aux autres metaux contenus dans le residu. 

2. Precede selon la revendication 1, caracterise en S5 
ce que I'acide inorganique fort est I'acide sulphuri- 
que. 



3. Precede selon quelconque des revendications 1 et 

2, caracterise en ce que la cantite d'acide inorga- 
nique fort es superieure k celle qui correspond k la 
relation stoechiometrique par rapport au sodium et 
aux autres metaux presents dans le residu dense, 
et elle est seiectionnee de preference de fa^on k ce 
que, aprds la reaction avec le sodium et les autres 
metaux presents dans le residu dense, il continue 
d'exister un exces d'acide inorganique libre dans 
une concentration de I'ordre du 0,001 y du 1% en 
polds. 

4. Precede selon quelconque des revendications 1 k 

3, caracterise en ce que la reaction de deshydra- 
tatlon du residu dense qui contient du sodium et 
d'autres metaux en presence d'un acide inorgani- 
que fort est reiisee k une pression absolue de 
50-400 mmHg. 

5. Precede selon quelconque des revendications 1 a 

4, caracterise en ce que les distilies organiques 
obtenus par le moyen de la deshydratatlon du resi- 
du dense qui contient du sodium avec un acide inor- 
ganique fort sent soumis k une distillation pour ob- 
tenir de styrene pur et une fraction avec une teneur 
relativement grande de 2-pheniiethanol. 

6. Precede selon quelconque des revendications 1 k 

5, caracterise en ce que les residus non volatiles 
obtenus par le moyen de la deshydratatlon du resi- 
du dense qui contient du sodium y d'autres metaux 
en presence d'un acide organique fortsont soumis 
k une filtration pour separer les sels Inorganiques 
et obtenir un residu substantiellement sans sodium 
et d'autres metaux qui puisse §tre utilises convena- 
blement comme combustile. 
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